rose from 59 LLM to 406 uM and serum A boy with ornithine transcarbamylase (OTC) deficiency was relatively symptom free for 9 months and then developed an acute episode with liver failure and metabolic imbalance. Subsequently there was severe cerebral atrophy. Liver ornithine transcarbamylase activity was 3% of the normal mean. Of considerable interest was the finding of an accelerated breakdown of liver peroxisomes during the acute phase. 8 \ glutamic pyruGic transaminase reached '1200 ~jlite;. Prothrombine time fell to 28% of normal. Protein and fructose intake were then stopped and, after a peritoneal dialysis, the clinical condition improved rapidly. Proteins were progressively reintroduced (maximum 2 g/kg per day). Postprandial blood ammonia remained below 90 pM (Fig. 1) . A needle biopsy of the liver was performed both during the acute phase and 1 month after recovery from hepatic failure for biochemical and morphologic studies. Speculation
The present observation suggests that damage to peroxisomes taining approximately 2 g protein/kg per day his neurologic may be an element in acute liver dysfunction. Consequently, condition remained catastrophic. Seizures were numerous. Suchypolipidaemic drugs that stimulate the production or regeneration cessive CAT scans showed a progressive atrophy of the cortex of peroxisomes could possibly be of therapeutic interest in such with enlargement of the ventricles. The child died at the age of 3% conditions. years after an acute bronchiolitis. A careful inquiry revealed that the mother had always had a repulsion for meat and showed signs of protein intolerance. Current studies in the field of metabolic disorders should, in A brother, born subsequently, was affected with the same type addition to the biochemical analyses leading to the unraveling of of ornithine transcarbamylase deficiency diagnosed after a liver the modified enzyme, include if possible ultrastructural studies of biopsy. Dietary protein has been restricted since birth and the the subcellular compartment in which this enzyme is normally is at the time this He is now aged located. 29 months. At the age of 9 months, he was challenged with an In a boy with partial ornithine transcarbamylase deficiency, we oral protein diet. After 2.5 g protein/kg, blood ammonia rose wish to report the surprising finding of an accelerated peroxisomal from 35 PM up to 280 PM and erotic acid increased dramatically breakdown associated with acute liver failure. Mitochondria were in the urine (4 mmole/g of creatinine; k r m a l below 30 Wale/ not significantly altered. g). Material and methods. Aminoacids were determined by single MATERIALS AND METHODS column ion exchange chromatography by means of a Liquimat 111 Kontron amino acid analyser. Blood ammonia levels were Case report. A 9-month-old boy was transfered to our University determined by the Fenton method (9) and orotic acid according Hospital with a 7 days history of vomiting, seizures and diminished to the method of Bachmann (1). consciousness, associated with an acute otitis. He was the first
The urea cycle enzymes, carbamyl-phosphate synthetase (CPS), child of unrelated parents and was born after uneventful preg-ornithine transcarbamylase (OTC) and arginase (ARG) were asnancy and a normal delivery. His development before the acute sayed on frozen liver biopsies (-60°C) within 2 wk by methods episode was normal. On arrival, physical examination showed a previously described (l5,22). Informed consent was also obtained deeply comatous infant with generalized seizures and bilateral for taking a liver biopsy in the mother and the brother of the pyramidal signs. He was given phenobarbital at a daily dose of 5 patient. Control samples consisted of frozen autopsy livers of mg/kg, with partial relief of his convulsions. Glycemia, blood infants and young adults obtained within 10 h after death and electrolytes, cerebrospinal fluid (CSF) and tests for liver function stored for 2-8 wk at -60°C before assay. including transaminases (SGPT, SGOT) and prothrombine time Light and electron microscopic studies were performed on the were within normal values. Plasma amino acids revealed an first biopsy during the acute stage of the disease. Morphometric elevation of glutamine (1.015 pM, Normal, <700 pM) and alanine analysis of electron micrographs was made according both to (940 pM, Normal, t 6 5 0 pM).
Delesse's (7) and Wicksell's principles (26, 27) , using the procedure Under high caloric and normal protein intake associated with and computer programme developed by Baudhuin (2) . For the the parenteral administration of an inverted sucrose solution (150 latter study, liver samples from three controls (children wrongly mg/kg per h of fructose during 50 h), the child's condition suspected to suffer from glycogenosis) were processed.
worsened. The second day after his arrival he was given 100 mg/ kg/day of sodium valproate and this treatment was continued thereafter. At the time this new drug was added, there were RESULTS already high levels of orotic acid in the urine, and hyperaminoacBiochemical investigations. The activity of OTC in the liver of iduria was present (Table 1) . After the 5th day, the blood ammonia both children and the mother was less than 3% of the normal 977 value, whereas other urea cycle enzymes were normally active (Table 1) . Km values for ornithine (0.79 mM) and carbamylphosphate (0.65 mM) were within the range previously determined on four normal livers (0.40 + 0.18 mM and 0.52 + 0.21 mM, respectively). No shift of the optimum pH to alkaline values was observed. Urinary organic acids were evaluated to exclude an organic aciduria as a cause of hyperammonemia (Table 2) . After recovery, orotic aciduria remained between 150-340 pmole/g of creatinine with a diet containing 2 g protein/kg weight per day. Morphologic studies. Examined with the light microscope, the hepatic parenchyma displayed numerous necrotic foci predominating in the centrolobular region. Portal areas were normal with no sign of inflammation. With the electron microscope, the most apparent change in the best preserved zones was an accumulation of fat droplets in the cytoplasm and sometimes in the nucleus of hepatocytes. More careful examination showed peroxisomal profiles to be 40% scarcer than in controls. Some of these organelles appeared enlarged with a less osmiophilic matrix showing an irregular texture (Fig. 2) . A few mitochondria presented an unusual radial arrangement of the cristae.
Micrographs from the better preserved zones were submitted to a morphometric analysis, which allowed us to quantify the ultrastructural alterations and to confirm that only the amount of fat droplets (1.5% of the cell volume, i.e., 2.1 times the controls) and the peroxisomes were significantly different from the controls. Wicksell's calculation, which allows the tridimensional reconstruction of rounded organelles, demonstrated clearly the bimodal distribution of the peroxisomal population (Fig. 3) . Table 3 summarizes the morphometric data obtained for peroxisomes. In the patient, the two populations were considered separately. The proliferation of the smaller peroxisomes with a normal matrix was found predominantly in cells with fewer fat droplets. Conversely the larger peroxisomes with an inhomogeneous matrix belonged mostly to cells rich in lipids, and were 4.5 times more frequently surrounded by elements of the rough endoplasmic reticulum, which suggests (8) that they were undergoing an autophagic sequestration (Fig. 2) . The maximum volume of the latter population was approximately 3 times greater than in controls.
DISCUSSION
Among inborn defects of urea cycle enzymes, OTC deficiency appears to be the most frequent (14) . Delayed clinical evidence of the resulting metabolic imbalance, as seen in our patient, has been reported in boys with partial OTC deficiency (16, 29) , but the occurrence of acute liver disease in this condition is a puzzling feature. To account for it, the simultaneous occurrence of several precipitating factors such as a febrile episode, a high protein intake and the administration of fructose in the maintenance perfusion might be incriminated. It is noteworthy that fructose infusion causes a rapid depletion in hepatic triphosphonucleotides (5, 25) and that the urea cycle activity is closely linked to the ATP level in the cell (4). A somewhat similar acute liver failure has been reported in a presumed heterozygote for OTC deficiency after extensive use of an insect repellent, N,N-diethyltoluamide (12) . Long term therapy with sodium valproate is also known to induce hyperammonemia (6, 10) . It seems, however, unlikely that this product played an important role here. Indeed, it was given when there were already evident signs of liver dysfunction, and did not prevent the recovery from the metabolic imbalance. Morphologic alterations of liver cells in patients with partial or total OTC deficiency are as a rule minimal and without obvious biologic consequences (16, 21) . Mitochondria1 changes, as described by Shapiro et al. (20) in the liver of a child who was heterozygous for OTC deficiency, have not been found in our case. Also, there are striking differences between the morphologic lesions found in our patient and in Reye's syndrome, in which steatosis is massive and mitochondria are severely altered (19) .
Only a few cases of OTC deficient livers have been studied with the electronmicroscope and qualitative or quantitative abnormalities of peroxisomes have not been previously reported. There was an increase in the number and size of peroxisomes in a case of hyperammonemia with hyperornithinemia and homocitrullinemia (28) . A profound diminution of the number of peroxisomes is known to exist in Zellweger's hepato-cerebro-renal syndrome (I I).
Peroxisomes contain several hydrogen peroxide generating enzymes including D-aminoacid oxidase, L-alpha-hydroxyacid oxidase, fatty acid beta oxidase (17) and also catalase, an enzyme capable of converting hydrogen peroxyde directly to water and oxygen. Present knowledge on this organelle has been reviewed by Baudhuin (3) and Masters and Holmes (18) .
In our patient there is striking evidence for a pathologic process involving predominantly peroxisomes, whereas mitochondria1 changes are minimal. Isolated signs of breakdown or of regeneration of peroxisomes are seen in hepatocytes that otherwise remain well preserved or with little lipid accumulation. Moreover, there is a correlation between the importance of peroxisomal lesions and the degree of damage to hepatocytes, prenecrotic cells being almost completely deprived of these organelles. This raises the possibility thzt t i damage to peroxisornes could have played a role in producing acute liver failure in this patient; however, the relation between peroxisomal lesions and dysfunction of liver cells remains hypothetical, as the biologic role of peroxisomes in the liver cell is still incomplete (3, la), and because little attention has been given to the morphology of peroxisomes in other cases of acute liver failure. The changes in peroxisomes (which are not found in the liver of the brother) are unlikely to be specifically related to the OTC deficiency. Toxic substances are liable to induce comparable changes. In hepatocytes of animals receiving hypoglycin or pent-4-enoate which are substances known to interfere with the beta-oxidation of short chain fatty acids (13) , there is a swelling of peroxisomes followed by their disappearance. In addition there is a swelling of mitochondria and accumulation of fat droplets.
It is remarkable that the previous administration of clofibrate, [2-(4 ch1orophenoxy)-2-methylpropanoic acid ethyl ester] which is known to induce peroxisomal proliferation and to stimulate the beta-oxidation of fatty acids in these organelles, largely protects the animals from the toxicity of these drugs (23) . The protective action of clofibrate is obtained only after 2-4 wk in rats, which would make the use of this drug inefficient in an acute liver failure. But clofibrate is certainly not the only potentially interesting drug. In animals, we have obtained approximately the same protection against pent-4-enoate, by replacing clofibrate by nafenopin (SU-13.437 from CIBA) and this after 2-4 days (24) . The latter drug is known to induce hepatomas in rodents when given over long periods, but for short period the carcinogenic effects would probably be negligible. In acute liver involvement, short term administration of the product could be an acceptable procedure in order to diminish the risk of severe hepatic lesions and possibly irreversible brain damage.
It seems reasonable to postulate that peroxisomal damage in acute human liver disease might have been overlooked and that its occurrence is not exceptional. The importance of future evaluating the role of peroxisomes in such conditions is enhanced by the prospect of a therapeutic approach.
